Smith-Lemli-Opitz syndrome (SLOS) is an autosomal recessive disorder due to an inborn error of cholesterol metabolism, characterized by congenital malformations, dysmorphism of multiple organs, mental retardation and delayed neuropsychomotor development resulting from cholesterol biosynthesis deficiency. A defect in 3ß-hydroxysteroid-∆ 7 -reductase (∆ 7 -sterol-reductase), responsible for the conversion of 7-dehydrocholesterol (7-DHC) to cholesterol, causes an increase in 7-DHC and frequently reduces plasma cholesterol levels. The clinical diagnosis of SLOS cannot always be conclusive because of the remarkable variability of clinical expression of the disorder. Thus, confirmation by the measurement of plasma 7-DHC levels is needed. In the present study, we used a simple, fast, and selective method based on ultraviolet spectrophotometry to measure 7-DHC in order to diagnose SLOS. 7-DHC was extracted serially from 200 µl plasma with ethanol and n-hexane and the absorbance at 234 and 282 nm was determined. The method was applied to negative control plasma samples from 23 normal individuals and from 6 cases of suspected SLOS. The method was adequate and reliable and 2 SLOS cases were diagnosed.
Introduction
Smith-Lemli-Opitz syndrome (SLOS) is an autosomal recessive disorder due to an inborn error of cholesterol metabolism. The syndrome was first described in 1964 by Smith et al. (1) in a report of three patients who had common clinical features which included microcephaly, dysmorphic facies, limb anomalies, genital malformations, global developmental delay, and others. This syndrome was first named "RSH", an acronym of the first letters of the original patient's surnames, by Opitz et al. (2) Irons et al. (3) reported marked elevation of 7-dehydrocholesterol (7-DHC) and low plasma cholesterol levels in two patients with SLOS, suggesting a defect in the KandutschRussel cholesterol biosynthesis pathway. In 1994, Natowicz and Evans (4) and Tint et al. (5) also demonstrated abnormal plasma steroid levels in SLOS patients, confirming that the fundamental biochemical abnormality in SLOS is elevated plasma 7-DHC levels. Shefer et al. (6) demonstrated a marked deficiency of 3ß-hydroxysteroid-∆ 7 -reductase (∆ 7 -sterol-reductase), the enzyme that converts 7-DHC to cholesterol.
It has been recently shown that proteins of the developmental gene Shh (Shh proteins) must be covalently linked to cholesterol to be activated (7) . Shh proteins are essential for the development of the brain, limbs and face. Thus, there is a relationship between Shh dysfunction and the malformations observed in SLOS. Cell interactions that occur in the cardiovascular, respiratory and renal systems may be explained, at least partially, by irregular cell migration, while the changes observed in the urogenital system are directly related to the synthesis of steroid hormones, whose main precursor is cholesterol (7) (8) (9) .
The clinical diagnosis of SLOS cannot always be conclusive because of the remarkable variability of clinical expression. Until 1993, when the cause of SLOS was still unknown, its diagnosis could not be confirmed biochemically.
The earliest estimate of the incidence of SLOS, based on clinical diagnosis, was reported to be 1:20,000 to 1:40,000 (10) . These rates have changed since 1993 with the advent of biochemical testing. The incidence of SLOS, in similar populations diagnosed biochemically by gas chromatography and mass spectrometry, seems to be much lower. It is reported to be 1:60,000 in England and the United States (11,12) and 1:80,000 to 1:100,000 in the Netherlands (12) .
Today, the biochemical diagnosis is based on the measurement of plasma 7-DHC or the activity of ∆ 7 -sterol-reductase in fibroblast cultures. However, even though SLOS is frequently associated with low plasma cholesterol levels, these cholesterol levels cannot be used separately to confirm or exclude the diagnosis because 10% of the affected patients show normal cholesterol levels (12, 13 ).
7-DHC shows characteristic ultraviolet (UV) absorbance at 271, 282, and 294 nm. Honda et al. (14) suggested the possibility that UV spectrophotometry could be useful for the detection of plasma 7-DHC since it is available in most clinical laboratories, provides a faster and cost-effective screening, and is as reliable as sophisticated techniques such as mass spectrometry and gas chromatography that may also be used to quantify 7-DHC.
In the present study, six patients with clinical features consistent with SLOS were selected to test the UV spectrophotometric measurement of 7-DHC as a screening test for SLOS.
Material and Methods

Patients
The study group comprised six patients who were referred to the Serviço de Aconselhamento Genético, Departamento de Genética, Universidade Estadual Paulista Reagents and equipment 7-DHC was purchased from Sigma (D4429; St. Louis, MO, USA), spectral quality n-hexane was purchased from Mallinckrodt (Chron AR-HPLC UN1208, New York, NY, USA) and ethanol from Merck (Rio de Janeiro, RJ, Brazil). Cholesterol was analyzed with the Bayer Sera-Pak  Cholesterol kit (Fast color; New York, NY, USA).
Cholesterol was determined with a RAX Bayer autoanalyzer and UV spectra were determined with a Hitachi spectrophotometer (U-3000; Tokyo, Japan) slit 2.0 nm.
Cholesterol
Total cholesterol was determined by a method of enzyme coupling with cholesterol ester hydrolase, cholesterol oxidase and peroxidase (15) .
UV determination of 7-DHC
A calibration curve was obtained for 7-DHC after adding known amounts of an ethanolic solution of 7-DHC (1 to 40 mg/dl) to plasma. Absorbance at 282 nm was corrected by a modified Honda equation (14; see below) . 7-DHC in the ethanolic stock solution was determined using ε293 nm EtOH = 6.74 x 10 3 M -1 cm -1 (16) .
A 200-µl aliquot of plasma was transferred to a glass tube which was vortexed for 10 s after the addition of 200 µl ethanol. One milliliter of n-hexane was then added and the mixture vortexed for another 20 s. After centrifugation at 400 g for 1 min, the clear n-hexane layer was collected in a 1-ml quartz cuvette and used for UV measurement. The UV spectrum was obtained using n-hexane as blank in the reference beam, and absorbance at 271, 282 and 294 nm was used for the qualitative detection of 7-DHC in plasma samples, while absorbance at 234 and 282 nm was used for quantitative analysis as proposed by Honda et al. (14) , where absorbance at 282 nm was corrected by the equation described below.
The absorbance at 282 nm (A 282 nm ) is the sum of the absorbance of 7-DHC (B) plus background absorbance (C). A 282 nm = B + C.
The absorbance at 234 nm (A 234 nm ) is the sum of the absorbance of 7-DHC (D) plus background absorbance (E). A 234 nm = D + E.
In an experiment using standard 7-DHC, the absorbance of 7-DHC at 234 nm (D) was estimated as being 14.7% of the absorbance at 282 nm (B). D = 0.147B.
By means of the correlation between absorbances at 282 nm and 234 nm in control plasma, the background absorbance was estimated at 282 nm. C = 0.01042E 2 Figure 1 and Table 1 ). Table 2 also shows the plasma cholesterol levels observed in both patients and controls. It is noteworthy that these cholesterol levels of the SLOSpositive cases should be low due to interference of 7-DHC with the cholesterol measurement by the enzymatic method of Allain et al. (15) . Plasma from patient number 1 was sent to the Kennedy Krieger Institute (USA) and the diagnosis was also confirmed by mass spectrometry.
Discussion
The measurement of 7-DHC by UV spectrophotometry is a useful and sensitive biochemical test for SLOS diagnosis (17, 18) . In our study group, two of the six suspected SLOS patients presented characteristic 7-DHC absorbance peaks at 271, 282 and 294 nm which were not seen in the other patients ( Figure 1 ) and were the same as observed in 7-DHC spiked samples.
The quantitative analysis of our controls and negative patients showed undetectable plasma 7-DHC levels, whereas other authors have reported mean plasma 7-DHC values of 0.0052 mg/dl (18) in adult controls. These values are very close to those obtained by us in the control group of children.
Guzzetta et al. (17) also used spectrophowhere B = 7-DHC absorbance at 282 nm, A 234 = value of absorbance at 234 nm, and A 282 = value of absorbance at 282 nm. EDTA/plasma samples from six patients suspected of having SLOS and 23 negative controls were submitted to 7-DHC extraction. The extracts obtained were analyzed by UV spectrophotometry.
Results
UV spectrophotometric 7-DHC detection was standardized using plasma from 23 normal individuals (negative control group) whose 7-DHC levels could not be quantitated and 7-DHC spiked samples. The negative control samples did not present characteristic 7-DHC absorption peaks such as those observed in poisoned samples.
The diagnosis of SLOS was confirmed by the observation of characteristic absorption spectra of 7-DHC identical to those in 7-DHC spiked samples and plasma with high tometry and compared it with mass spectrometry. They demonstrated that the detection of plasma 7-DHC by UV spectrophotometry is highly specific and sensitive in the detection of biochemical anomalies in patients with SLOS, showing, therefore, a good correlation with mass spectrometry analysis. For diagnostic purposes, the analysis of other sterols such as 8-dehydrocholesterol and the 7-DHC/cholesterol ratio has also been used. The problem in using cholesterol for diagnostic purposes is that the literature reports low to baseline cholesterol values but warns against problems in the measurement of plasma cholesterol in patients with SLOS. Jira et al. (19) demonstrated the interference of high concentrations of 7-DHC and 8-DHC in the determination of cholesterol by enzymatic methods, with results showing high plasma cholesterol levels (19) . These investigators analyzed the steroid/cholesterol relationship using gas chromatography and obtained values lower than 0.004 for control groups and values higher than 0.3 for SLOS patients. Our results with UV spectrophotometry showed values of 0.1-0.2 for SLOS patients and lower values for the control group and other patients ( Table 2) .
Most individuals with SLOS present elevated plasma 7-DHC levels in addition to the phenotype characteristics of the syndrome. Atypical cases may include patients displaying very few clinical features and increased 7-DHC levels as well as individuals with the "complete" phenotype of the syndrome and normal 7-DHC levels (14, (20) (21) (22) . Elevated 7-DHC levels may also be observed in patients showing some form of hypercholesterolemia and cerebrotendinous xanthomatosis (12) . Moreover, mildly to moderately increased 7-DHC levels were observed in three patients while they were on haloperidol. When haloperidol therapy was discontinued, 7-DHC levels decreased back to normal (12, 23) .
SLOS is likely to be underdiagnosed in Brazil due to the lack of simple detection tests. Our study demonstrates that the spectrophotometric method is fast and accurate for the diagnosis of SLOS. The treatment includes dietary cholesterol replacement and we offer genetic counseling to the parents of SLOS children.
